useful to perform a series of experiments, where the changes in the most important metals in the fish muscle were investigated. The metals in question were the alkali metals Na and K, and the earth alkali metals Mg and Ca, and the fate of the metals was studied while standing in salt solutions containing either NaCl or Na pyrophosphate, or both salts. Moreover, at the same time the fate of the anions of the standing solutions, i.e. chloride and phosphate, was investigated. It is known from earlier experience that the NaCl solution causes a decrease in the solubility of the myofibrillar proteins, but if the solution in addition contains pyrophosphate, this decrease in solubility is prevented (Linko & Nikkilä 1961 , Nikkilä et ai. 1967 . The purpose of the present experiments was to investigate whether the changes in the ions investigated might be related to the protective effect of the pyrophosphate.
Material and methods
Spring Baltic herring (Clupea harengus var. membranus) which was obtained fresh from the market served as material. At this season the fat content of Baltic herring is low (approx. 2 %). In the experiments, unskinned fillets were used. The amount of fish was 45 g/450 ml of the storage solution. Storage took place at T 4°C. The fillets were analyzed in the beginning, and again after 1 and 5 days' storage. The standing solutions were the following: I 3 % NaCl II 1 % Na 4 P 2 0 7 11l 3 % NaCl +1 % Na 4 P 2 0 7
In all cases the pH of the solution was adjusted to 7.2.
First, the ash content was assayed by dry ashing. In the series of metal analyses, the ashing was performed at 520°C for 4 hrs (Heckman 1967) ; according to Thompson (1964) losses in K take place at 550°C. In the series of phosphorus analyses, ashing was performed at 550-600°C for 2 hrs, according to the AOCS method (official and tentative methods 1967). The ash content of the samples is calculated as the average of these two values. The assay of the metals was performed by atomic absorptiometry. This method is modern and rapid; it has one disadvantage, namely that the presence of phosphate lowers the values of Ca and makes the assay of this metal inaccurate. As in the present experiments the fillets were allowed to stand in pyrophosphate solution, the danger of phosphate influence might be worse than usual. For this reason, phosphate elimination before atomic absorptiometry was considered necessary. The method used for this purpose was a modification of the method of Hamm (1955) , developed for animal tissues; the principle of the method was ion exchange. The modification was as follows. Of the fillets, which were first drained, a sample of 5 g was taken for ashing as explained above. The ash was dissolved in 0.1 n HCI and an aliquot was taken for ion exchange. Strongly acid cation exchanger Amberlite IR-120 in H-form was used as the resin; the exchange capacity is approx. 2-lo m-ekv./g. The resin was thoroughly washed with acid before use. The height of the column was 16 cm and the diameter 12 mm. The volume of the sample was 20 ml and the rate of flow 0.6 ml/min. After the sample had been put in, the column was washed with 30 ml distilled water. The metals were eluted with 2 X (10ml5n HCI -T 50 ml H 2 O) and 1 X (10 ml 5 n HCI + 25 ml H a O). At the preliminary trials it was confirmed that elution was complete; moreover, in the actual runs an additional elution was performed to check that no more metals were left behind. The metals in the eluates were assayed using a Perkin Elmer 303 Atomic absorptiometer. The HCI strength of the samples and the standards was 1 n. In the Ca assays an addition of La basic solution was performed for all the solutions in proportions 5 ml/25 ml (the basic solution contained 58.65 g LajOj + 250 ml cone. HCI/1000 ml); this addition prevents disturbances caused by phosphorus up to 200 ppm. In preliminary experiments it was found that elimination of phosphorus by ion exchange was 95-100 %; thus, elimination of the effect of the small amount of phosphorus still left was considered useful. In assays of K it is known that the presence ofNa is disturbing; consequently, Na was added to the standard solutions to make them comparable to the sample solutions, with an accuracy of 20 %.
In the assay of chloride Graus method (1960) , developed for meat products, was used. In this method, the extract of the sample is clarified with Carrez solutions, and afterwards an argentometric titration is performed. In checking experiments it was stated, that added chloride was found quantitatively, and that the presence of phosphate did not cause significant disturbance. It may be mentioned that Barnett & Nelson (1968) have also used a rapid assay method, where ashing is omitted; in this case, extraction is effected by 10minutes' boiling. This method, which was specifically developed for marine products, was found to be reliable and rapid.
Assay of phosphorus was performed after the ashing explained above according to the Nordisk metodik-kommittee method (1954) . Samples ashed were of 3 g weight. Influence of the standing in saline solutions on the mineral compounds. In the table 1 the analytical results of the fillets kept in the different standing solutions for the periods of one and five days are presented. All the values are given in mg per 100 g of original or drained fillets. The comparison shows that the sum of the components, calculated in this way, corresponds quite well to the value of total ash, the difference being in the mean 2.7 % and maximally 5.4 % of the ash average. Of course, ash contains some minor components in addition to the components assayed. The fact that the sum of the components assayed is in most cases somewhat higher than the ash average, gives the impression that the separate assays have given values that are slightly too high. It may be mentioned that in the assay ofchloride, no ashing was performed, and the value thus differs from the others in that respect. It is evident, however, that agreement may be considered satisfactory.
The results for each series of analyses separately. The changes in total ash depending on the different standing conditions are illustrated in Fig. 1. It can be seen that the ash content of the fillets increases markedly when the fillets are kept in 3 % NaCl solution; the increase is greatest during the first day. The increase is still greater when the solution also contains pyrophosphate; here, too, the change is greatest during the first day. In contrast, in the fillets kept in 1 % pyrophosphate solution, small decrease in the ash content takes place; here, again, the change is greatest during the first day.
Explanation of the curves:
3 % NaCl 1 % Na pyrophosphate •-3 % NaCl + 1 % Na pyrophosphate In these results, it seems astonishing that a decrease in the ash value occurs when the fillets are kept in 1 % pyrophosphate solution. The ionic strength of this solution is, if it is assumed that dissociation takes place quantitatively (Vujigi'c et al. 1967 ), 0.376, which is higher than that of most fresh-and brackish water fish (Wikgren 1953) . Thus, if the ash content of the fillets were primarily dependent on the ionic strength of the standing solution, the value should also increase in this solution. It may here be important that the salts in the standing solutions can affect the water binding capacity of the fillets, and thus the drained weight, against which the ash values have been calculated, is also influenced. Consequently, checking experiments were performed to find out the changes of the ash values, if they are calculated against the initial weights instead of the drained weights of the fillets. These checking experiments showed that when the ash values were calculated against initial weights, the ash contents also increased in the fillets kept in the pyrophosphate solution, although the increase was only small.
The changes are then considered concerning the metals under investigation. Na is the only metal originally present in the standing solutions, as both chloride and pyrophosphate were used as Na salts. Correspondingly, in all series the Na content of the fillets has increased during standing, as is shown in Fig. 2 . The increase has been smallest in the pyrophosphate solution and greatest in NaCl + pyrophosphate solution. In all cases, the increase is greatest during the first day.
In the other metals studied, the change is in the opposite direction, i.e. the amounts in the fillets become progressively less. The changes in K are shown in Fig. 3 , those in Mg in Fig. 4 and those in Ca in Fig. 5 . In all cases, loss of metals has taken place; the loss is greatest for K. The greatest part of the loss is observed during the first day; of the different standing solutions, Nad + pyrophosphate shows the greatest and pyrophosphate the smallest loss. However, the final values are almost the same. The final values are approx. 9.7-11.2 % of the original value. For Mg, the type of change is similar to that of K: strong decrease during the first day and slower loss thereafter. Here, too, loss is greatest in NaCl + pyrophosphate solution and smallest in pyrophosphate solution, although the differences are small. In percentage, loss of Mg is smaller than that of K, the final values being 33. .4 % of the initial value. A decrease is also observed for Ca, although only small. The order of influence of the standing solutions is similar to that of K and Mg. In contrast, the type of curve is different here: for Ca, the values are minimal after one day, and after 5 days they have again increased, although not up to the initial level. After one day, the minimal values were 64.7-79.2 % of the initial level, and after 5 days, the range was 75.4-84 % of the initial level.
The results concerning the anions investigated are shown in Figs. 6 and 7. The phosphorus content of the fillets (Fig. 6 ) has in all cases decreased, during the first day rapidly and thereafter more slowly. The loss has been greatest in NaCl solution, where the final value after 5 days is 22.6 % of the initial value, whereas in both solutions containing pyrophosphate the loss is much smaller and nearly the same, the final value after 5 days being 82. .2 % of the initial value. Thus, the presence of pyrophosphate has here almost completely prevented the loss of phosphorus caused by NaCl. The chloride content again has in both solutions containing chloride strongly increased, almost independently of the presence of pyrophosphate; here, too, the increase is greatest during the first day (Fig. 7) . Pyrophosphate solution alone has extracted the chloride from the fillets progressively and effectively, so that after 5 days only traces remain.
Change of the cation and anion equivalents of the fillets during standing. As the components assayed correspond well to the total ash values, it might be possible that comparison of the sum of the cation equivalents on the one hand and the sum of the anion equivalents on the other would perhaps give some hint of the effects of NaCl and Na pyrophosphate solutions on the fillets. For this reason, in each series the amounts of metals and anions assayed were calculated as mg equivalents, Some comparison on this basis may also be useful, although it is evident that fish and meat differ in some respects, thus e.g. the decrease of pH is in meat much stronger than in fish; see among others Partmann (1964) . However, with necessary precautions the background of general information may still be used.
The data in the literature concerning postmortal changes of the metals investigated here are rather scanty. Tomlinson (1964 ), Tomlinson et al. (1965 have investigated changes of metals in trout and salmon kept in refrigerated artificial sea water and state that penetration of sodium in the white muscle did not begin until the adenosine triphosphate of the muscle had been largely destroyed; loss of potassium became appreciable at the exhaustion of the muscle as judged by cessation of lactic acid formation. With magnesium, the authors did not detect any relation to the postmortal biochemical changes.
In the Baltic herring, investigated here, the rigor usually occurs very rapidly, being already over after the first 3 hours (Amlacher 1961) . Therefore, with this species the experiments are of necessity nearly always performed after the rigor has already passed. Consequently, the changes in the metals noted in the present experiments do not reflect the postmortal phases, as the factors preventing the transfer phenomena are no longer at work, and thus the transfer follows the general diffusion laws. One effect of the postmortal biochemistry may, however, still have influence, namely that the loosening of the metals from the muscle is generally increased, as the pH is lowered due to the formation of lactic acid (Hamm 1958 ).
The transfer of salts to the fish has been the object of several investigations. Thus, the investigators at Torry Research Station (1961) have stated that when regularly-shaped pieces of fish muscle are studied, the immigration follows simple diffusion laws. However, the results were clearer with cod than with herring, where no simple relationship existed between salt uptake and time (1963) . In herring and Baltic herring, fat content influences the transfer of salt (Nikkilä 1950 , Nikkilä 1951 ; immigration is slower with fatty than with lean fish. In Baltic herring, the fat content is minimal in spring; moreover, Baltic herring always contain less fat than herring. Several investigators have noted that skin is a factor which restricts the immigration of salts (Tomlinson et al. 1965; Scheurer 1968 ); this fact was also stated in the earlier investigations of the present authors (Kuusi et ai. 1965 , Nikkilä et ai. 1967 . Interesting investigations on the principles of fish salting have been carried out by Del Valle & Nickerson (1967a . Here, small rectangular pieces of swordfish were investigated; this fish has a particularly firm and cohesive flesh, in which respect it definitely differs from the Baltic herring. The above-mentioned authors assumed that the salt content of the fish and solution was equilibrated after 2 days' standing; then the salt content of the tissue water was the same as that of the brine. In the present experiments the standing time was maximally 5 days; the main change always took place during the first day, but slow changes were still observable during the later period.
The transfer of the pyrophosphate from standing solution to fish fillets has already been studied by the authors, using radioactive pyrophosphate (Kuusi et ai. 1965 , Nikkilä et ai. 1967) . When the fillets were kept in the solution, the tracer phosphate had in one day immigrated, being distributed overall. When the fillets were only dipped in the pyrophosphate solution quickly and afterwards frozen, the tracer remained in the periphery of the fillets. It is interesting to compare these results with Scheurer's present study (Scheurer 1968) , where similarly radioactive tracers were used to follow the immigration. The usefulness of the tracer method was stated; in Scheurer's experiments, immigration of nitrite was more rapid than that of tripolyphosphate. The pieces of fish were, after dipping, kept in a moist exiccator for one day; then, the salt content of the inside was still lower than that of the periphery. Also Sutton & Ogilvie (1968) have studied immigration of tripolyphosphate in small pieces of fish in dipping experiments. The dipped pieces were frozen, and later the pieces were thawed and the drip loss measured, as well as the sodium and phosphorus content of the pieces. Since the ratio Na:P did not change, it was assumed that the tripolyphosphate molecule remained intact during processing.
ln the present experiments, as well as in the authors' earlier studies, there was a transfer of phosphorus compounds from the fillets to the brine, as the phosphorus values decreased in all cases. However, immigration of pyrophosphate from the standing solution to the fillets also took place. As noted earlier (Nikkilä et al. 1967) , the immigration of chloride and phosphate seem to be nearly independent; the amount of phosphate in the fillets is not influenced by the presence of chloride, and similarly the amount of chloride in the fillets is not influenced by the presence of phosphate.
There are only a few data to be found in the literature concerning the loosening of the metals investigated from the fillets, except in the investigations by Tomlinson et al. (1965) already mentioned. However, the general feature seems to be, that the strength of the binding of metals in the muscle decreases in the order Ca > Mg > Na > K (Hamm 1958 , Assaf & Bratzler 1966 . In the present study the fate of Na in the muscle cannot be evaluated, as the standing solutions all contain Na as the only cation. By contrast, the other metals investigated show a similar type of binding strength as the data in the literature report. As mentioned above, the binding of the metals in these experiments cannot be connected with the postmortal phases due to the early occurrence of rigor in Baltic herring. If the changes in the amounts of Ca and Mg are specifically considered in relation to the presence of pyrophosphate, it is stated that the loss of the metals is greatest in the solution containing both NaCl and pyrophosphate, although the losses vary only slightly in the different solutions. Thus the fact that pyrophosphate prevents the loss in solubility of the proteins does not seem to be connected with elimination of Ca or Mg from the muscle. This result is in agreement with that of e.g. Inklaar (1967) , according to which in meat, added phosphate did not change the binding of Ca and Mg. Earlier studies have already put forward the opinion that polyphosphate does not remove the bound Ca from the muscle (Bozler 1955) ; instead, polyphosphate may detach one part of the Mg, which causes an increase of the swelling. Bozler (1955) found that Ca may be removed by aid of EDTA, whereby the water binding ability was increased; similar results were obtained by Hamm (1958) , who used ion exchange to remove Ca. By contrast, Hellendoorn (1962) and Sherman (1962) found that although oxalate and EDTA are strong Ca binders, their effect on the water binding ability of meat is unfavorable. Yasui et al. (1964a assume that pyrophosphate and tripolyphosphate are bound to actomyosin through earth alkali metals; the affinity is enhanced by high ionic strength and the presence of earth alkali metal ions. The authors' explanation of the improvement in the solubility ofmyofibrillar proteins by phosphates is that the latter dissociate actomyosin into the components actin and myosin. Particularly in freezing this explanation may be applicable: as the ionic strength of the cell sap increases because of crystallization of water, and the cells in general contain plenty of potassium and in addition calcium, the conditions are favorable for the binding of phosphates by actomyosin; this again dissociates actomyosin, and this phenomenon corresponds to relaxation and improved solubility of myofibrillar proteins. The results obtained here agree better with the assumption that phosphate is bound to the myofibrillar proteins than with the hypothesis that earth alkali metals were removed from the muscle.
There are some data in the literature on the extracting effect of the standing solutions. The investigators at Torry Research Station (1962) state that loss of soluble materials from fish in salting is always small, less than one per cent. Tomlinson et al. (1965) note that during standing various substances, such as acid-soluble phosphorus compounds, lactic acid, soluble proteins and B-vitamins are transferred to the medium. In the present experiments, loss in dry matter, phosphorus compounds and metals investigated took place, excluding the components present in the standing solution. It seemed that the extracting power of pyrophosphate was greater than that of chloride, but this effect of pyrophosphate did not come into operation when chloride was present simultaneously.
The most interesting of the present results is the effect of the standing solutions on the cation excess of the fish fillets, since at this point the presence of pyrophosphate seemed to decrease the effect of NaCl. In all cases, there was an excess of cations in the fillets as compared with the inorganic anions studied; due to standing in NaCl solution, this cation excess was greatly decreased. Immigration of NaCl caused a considerable rise in the amounts of both cations and anions, but nevertheless the cation excess was after one day's standing smaller in this than in any other treatment. In the presence of pyrophosphate, this decrease was much smaller. The fact that the cation excess in the ash is smaller may mean that fewer cations in the tissue are bound to the organic anions, such as organic acids and proteins. In the presence of pyrophosphate, the amounts of both cations and anions were even greater than in NaCl solution alone, but the cation excess was only slightly less than the original. It may be assumed that the binding of the cation excess to the tissue could cause a shift of the pH in the alkaline direction and this again would improve the solubility of the proteins. One interesting feature in the phenomenon is that the difference in the cation excess is clear-cut after one day's standing, but after 5 days' standing the difference has almost completely levelled out. A similar return is also often observable with the solubility of the proteins in the presence of phosphates or citrates (Linko & Nikkilä 1961 , Nikkilä et ai. 1964 : the solubility is somewhat decreased during the first day of standing, but returns to the original in the course of the following days.
Summary
The purpose of this investigation was to find out what changes take place in the quantities of the ash components of Baltic herring fillets, such as alkali and alkaline earth metals, chloride and phosphate, when the fillets are kept in chloride and phosphate solutions. It was hoped that these experiments might give information on the nature of the protective effect of phosphate, as it is capable of preventing harmful changes in the myofibrillar proteins, caused by NaCl solution.
The standing solutions were 3 % NaCl, 1 % Na pyrophosphate, and a solution containing both these salts. The fillets were investigated at the beginning and after a storage of 1 and 5 days. The total ash, Na, K, Mg, Ca, Cl, and P was analyzed in the fillets. As far the metals were concerned, the amount of Na increased in all cases, as both chloride and pyrophosphate were used as Na salts. By contrast, the amount of K was considerably decreased, the amount of Mg less and that of Ca still less. The loss of K and Mg continued progressively for the whole standing period, while the amount of Ca returned towards the original value after a decrease during the first day. With all the metals the size of the change depended on the strength of the standing solution.
The amount of chloride in the fillets was increased if storage took place in solutions containing NaCl; immigration of Cl was independent of the presence of pyrophosphate.
Pyrophosphate alone extracted Cl from the fillets almost completely. The amount of phosphate in the fillets was again decreased in all the solutions, the decrease being greatest when the standing solution contained no phosphate; even then, the fillets still retained approx. 23 % of the original P. When the standing solution contained phosphate, the loss of P was small and independent of the presence of chloride. When the metals and anions investigated were calculated as equivalents, it was stated that in all cases there was an excess of cations in the fillets. During standing, changes took place in the cation excess. When standing in pyrophosphate solution alone, a small progressive increase of the cation excess was observable, while when standing in NaCl solution alone, the cation excess first decreased strongly and then partly returned towards the original value. If the solution in addition contained also pyrophosphate, the decrease was much less noticeable. In this respect the pyrophosphate has clearly inhibited the effect of NaCl, and this may be connected with the influence of pyrophosphate protecting the myofibrillar proteins.
